Background: Working in a canteen will involve more than one activity e.g. cutting, grinding, washing. These activities may lead to stress and muscle fatigue. Objective: To analyze health effects in canteen staff working at the university. Methods: A cross-sectional study was conducted in canteen staff. A questionnaire was used to compare the level of feeling e.g. strength, force, interest before and after work between canteen staff using a subjective judgment scale from 1-10, together with assessing muscles: extensor of the wrist, biceps, triceps at different times by using surface electromyography (EMG). A paired t-test was used to analyze data. Results: 23 canteen staff participated the project (100%). Canteen staff did not report any significant difference in feelings e.g. freshness, keenness, force or strength that differentiated before work and after work. Extensor of the wrist seems to be the most muscle using part in a canteen activity. Conclusions: Stress levels related to working in a university canteen are low as is muscle fatigue measured by EMG. However, performing repetitive work in a canteen could lead to muscle fatigue or stress so break interval time may be important for preventing muscle fatigue and reducing stress.
Introduction
Classic problems due to working in kitchens or canteens are lower back pain, musculoskeletal disorders and stress [1] - [9] .
This may be because workers have to perform several activities e.g. cutting, grinding, rolling or washing in a small area in addition to stress relating to time constraints and consequent pressure. Musculoskeletal problems are also reported in cooks who work in a restricted workspace [10] [11] .
The university canteen is mainly used by students and staff at breakfast and lunchtime. Task activities in a university canteen may differ from commercial kitchens because commercial kitchens may have higher workload with more demands from customers leading to increased stress and muscle fatigue. Normally, cooking and washing tasks in university canteens are done manually without modern cooking facilities. As mentioned earlier, when working in a canteen the continued use of hands and upper arm muscles (biceps, triceps) could leading to muscle fatigue and stress increased by limited working space and time constraints.
It is difficult to forecast when muscles will become fatigued and which muscles will have the most demand placed on them because this will depend on activities, the load placed on the muscles and the way the muscles compensate for strain.
Fatigue is measured by the decrease in force that occurs after repeated muscle stimulation or continuous work pushes muscles beyond their working capacity. The extent of fatigue depends on the individual, their fitness and training.
One way to analyze muscle fatigue is using electromyography (EMG) technique to measure the frequency in skeletal muscles. EMG is particularly appealing because it is a non-invasive technique for measuring muscle electrical activity resulting from contraction and relaxation.
The analysis of muscle fatigue could bring useful information concerning clinical problems, and muscle strength. The evaluation of muscle fatigue is carried out using surface electrodes and is straightforward to perform. The results obtained will be useful for managing shift patterns and reducing muscle strain.
The objective of this study was to analyze health effects in canteen staff.
Methodology

Study Population
A cross-sectional study was conducted at a university canteen. Study populations were canteen staff working for the university (serving mainly students, lecturers and university staff). Personal data information was obtained through interview questionnaires. Participants have been working in the canteen at least 6 months, aged of subjects were varied ranged from 17 -64 years old. None of the subjects reported having any history of musculoskeletal pain in the previous year. 23 canteen staff were recruited to participate in the project (100% response). All subjects were asked to sign a consent form before participating in the project. The study was approved by the Ethical committee, Thammasat University, Thailand. The university canteen consists of several small kitchens. The university canteen provides several dishes e.g. rice, noodles, dessert and drinks. Canteen staff come to work at different times; some of them start working from 05.00 a.m., preparing materials, recipes, menus and resources for cooking, while others start work at 10.00 a.m to prepare the food and drink.
Questionnaire
All participants were asked to answer an interview questionnaire. The interview questionnaire included personal information, length of employment, activities/task in kitchen, self-estimated job fatigue in activities e.g. cutting, washing, changing money (level 1 = least, level 5 = the most), bi-polar self-estimated emotion feeling before work and after work in the kitchen (level 1-10); the emotion feelings consist of; freshness-fatigue, alertnesssleepy, force-exhausted, strength-weakness, interest-lack of interest, keenness-boredom, vibrant-dull.
The purpose of the study was explained to participants prior to completing the interview questionnaire.
EMG Measurement
Electromyography (EMG) measurements were obtained for all participants purposed to measure muscle frequency for analyzing muscle fatigue. Measurements were taken from the extensor of the wrist and upper arms of participants. They were asked to sit comfortably on a bench in the canteen, the skin was prepared by wiping it with alcohol to ensure it was free from lotion or sweat and surface electrodes were placed on the skin.
EMG signals were recorded from 3 muscles; extensor of the wrist, triceps and biceps by using Ag/AgCl surface electrode (blue sensors). 3 surface electrodes were placed to cover muscle with a 3rd over the bone to ground it. Surface electrodes were placed on either the left or right side individually. Surface electrodes were placed on the skin for about 1 minute. A standard surface electrode location was define as described by Mega 6000, model: Muscle Tester, serial number Q2010311. Volunteers were asked to place surface electrodes 3 times; morning (9.00-10.00 a.m.), afternoon (13.00 p.m. ish) and after they finished routine work in the late afternoon (approx 16.00 p.m.)
Analyzing the shift in the median frequency of the surface EMG power spectrum is a well-known method of assessing muscle fatigue. Therefore a decrease in the median power frequency serves as an index of fatigue.
Data Analysis
Descriptive analysis was used to describe the characteristics of the study population e.g. age, education, marital status, levels of fatigue and feeling for the canteen staff at the university canteen. Again, this was carried out at different times; before work and after work in each day. A median frequency from an EMG measurement was used to analyze the state of muscle fatigue.
A paired t-test was used to analyze data and compare the feeling of participants before and after work.
Results
All 23 canteen staff (6 males and 17 females) responded, giving a response rate of 100%. The age range was 17 -64 years old. Most of the participants were non-smokers with a low level of education. Characteristics of the study population are shown in Table 1 .
The information relating to feelings; freshness-fatigue, alertness-sleepy, force-exhausted, strength-weakness, interest-lack of interest, keenness-boredom, vibrant-dull of subjects at different times were ranked from 1-10 (1 = the least, 10 = the most). The levels of feeling were analyzed by a paired t-test to compare the feeling of subjects before and after work. The results are shown in Table 2 . Participants did not demonstrate significant differences in their feelings at different times of day including before work compared with after work. Based on averages reported, participants reporting lower than a 7 did not feel especially stressed or fatigued at work in the university canteen. Table 1 . Characteristics of study population.
Personal information
Gender Total
Males (n = 6) Females (n = 17) 23 (100%)
Age (years)
• Less than 20 0 3 (17.65) 3 (13.04)
• It was noted participants reported a feeling of less force, strength, interest, keenness and vibrant after work in the morning compared to before work in the morning, but this was not statistically significant.
Interestingly, subjects reported they had a higher levels of freshness and alertness after work (lunch) than before work (lunch) and this was also higher than participants who would start work in the morning, but again, this difference was not statistically significant. When asked about these increased levels, participants reported being happy to finish work and go home which appeared to give them a motivational boost.
The association between activities in the kitchen and levels of fatigue were also studied. Subjects were asked to report the level of fatigue ranked 1 (least)-5 (most), based on daily activities. The results are shown in Table  3 .
Results from Table 3 show subjects did not report muscle fatigue while working in the university canteen. While cooking and washing can be demanding for muscles, the levels of fatigue reported were 1.95 and 1.74 respectively.
EMG was used to measure muscle signals for all participants and these measurements were taken from the extensor of the wrist, biceps brachii muscle and triceps brachii muscle on the side of the body used most predominantly. Figure 1 shows results of muscles used at different times of day-morning, afternoon and just before finishing work. The results do not reveal a correlation between time of day and when muscles work hardest because this is largely activity dependent; some kitchens start work from 05.00 a.m. while some kitchens start work from 10.00 a.m. and finish later. From a selection of people working in ice cream, noodle, rice curry and drink kitchens the median EMG frequency signals (Figure 1) , results show that participants seemed to have muscle fatigue at lunch time except a participant who worked in a drink kitchen.
Discussion
The main objective of this study was to investigate the health effects on canteen staff working in a university canteen. Participants in our study were eligible to take part if they had worked in the canteen for at least 6 months. This study had 100% feedback from participants eliminating the possibility of selection bias.
The assessment was based on a subjective judgment scale on the level of fatigue and feeling; freshness-fatigue, alertness-sleepy, force-exhausted, strength-weakness, interest-boredom, keenness-lack of interest, vibrantdull; before work and after work, in addition to objective EMG signal measurements. Consistent results were obtained that showed an association between feeling and EMG signals for analyzing muscle fatigue.
Results from the present study showed an association between the subjective level of fatigue from working in a university canteen and muscle fatigue analyzed by EMG.
Health Effects in Canteen Staff
Peak activity times in the university canteen are morning breakfast and lunch time. Working in a university canteen is complex; there are numerous cooking tasks, various demands from students and staff and the work is completed in a small area due to space limitations so that the working environment is humid and warm. As noted earlier, such conditions could be stressful for staff. More women than men work in the university canteen which is consistent with general statistics that women are more likely to work in a kitchen than men. From previous studies, musculoskeletal pain including low back pain seems to be a problem in women more than men [12] [13] . Subjects whom stand up for long time during food preparation could lead to effects on subjective discomfort among cooks during food preparation [14] .
Working in a kitchen environment with time constraints can be stressful for staff, because they are often working hard to provide good service to customers while working within a warm humid environment. Humidity and hot kitchen conditions could directly increase stress levels for staff [6] [9] [15] [16] . However, if the work is managed to avoid high intensity periods and some relaxation intervals are provided during the day then muscle fatigue and other stress factors could be reduced.
While canteen staff do not report weakness, boredom, or feelings of exhaustion at the end of the day this maybe due to the fact staff their mood is lifted by the idea of finishing work and going home.
However, whatever the reason, the feelings reported at the end of the day differ from the initial hypothesis that participants would demonstrate negative feelings at the end of the day due to muscle fatigue. It should be noted, the university canteen used in this study was relatively small and its customers were a relatively small number of health sciences students and staff in the Schools of the Health Sciences Group only.
Association between Muscle Fatigue and Working Time
In the study, we investigate the fatigue in arm muscles using EMG recording signals. We found that the state of the muscle depended on which activities the participants had carried out in the canteen. High median frequencies were found amongst canteen staff who worked during high peaks of activity. The use of EMG measurements for assessing muscle fatigue in canteen staff should be performed immediately after they stop working or resting otherwise, muscle signals stimulated by the body will quickly return to normal and the EMG measurement may not be able to detect any signals.
Prolonged activation of muscle tissue could lead to loss of force in addition to slow response rates. Participants in this study did not demonstrate either muscle fatigue or associated negative feelings. When participants completed repetitive tasks in the morning or afternoon a high peak median frequency was discovered but this was not accompanied by any negative feelings, e.g., weak, bored, lack of interest.
This could also be dependent on activities in the canteen, e.g. cutting, chopping, or grinding. Previous studies found upper arm muscles also perform repetitive tasks when working in kitchens [6] - [8] which can lead to muscle fatigue. To prevent muscle fatigue, canteen staff should be trained to work safely and use equipment appropriately to reduce and prevent muscle strain.
The main limitation of the study was the small study population at the university canteen. It is also difficult to isolate muscle fatigue because several different tasks are undertaken in the same day but EMG measurements did give an indication of which muscles had been used.
Conclusions
Canteen staff at the university appeared happy in their work based on the fact they did not experience strong negative feelings or display any obvious signs of muscle fatigue.
To maintain a good working environment and to prevent muscle fatigue and stress from arising in future occupational health management might be considered.
